Objective: The purpose of this study was to examine the influence of prone and supine position in preterm infants during acute pain of blood collection.
T he immaturity of the preterm infant central nervous system results in difficulties coping with pain and distress. [1] [2] [3] Behavioral and physiologic instability associated with painful procedures can influence medical status and may affect subsequent clinical and developmental outcomes. Moreover, high levels of arousal such as crying are energy-consuming responses for the infants. 4 Given the concerns that early repetitive pain may have long-term effects in these vulnerable infants, 5, 6 improving pain management in the neonatal intensive care unit (NICU) is a priority.
Pain is intrinsic to medical and nursing procedures in the NICU. For example, over 3,000 invasive procedures were recorded in 54 infants admitted to a NICU, 74% in infants below 31 weeks of gestation. 7 Blood sampling by heel lance is the most common painful procedure. 7 While severe pain such as chest tube insertion and surgery should be managed with pharmacological agents, 8, 9 minor pain or distress may be managed with environmental comfort measures. [10] [11] [12] Effective environmental interventions enhance homeostasis and stability in preterm infants in the NICU and are essential elements of neonatal nursing care. 10 Although there are a number of environmental pain intervention strategies, providing the infant with physical boundaries and maintaining a flexed position is thought to provide gentle stimulation simultaneously across the proprioceptive, thermal, and tactile sensory systems which may modify gate control mechanisms thereby altering pain transmis-sion. 10, 11, 13, 14 In addition, the beneficial effects on arousal and respiratory function of prone positioning compared with supine have been reported in preterm infants. These include improved ventilation and oxygenation, 15, 16 more time in quiet sleep, 17, 18 fewer awakenings, 19 less energy expenditure, 18 and less crying. 17 These findings have led to the assumption that infant position may alter pain response, and as such, infant posi tion has been controlled in some pain studies in the NICU. [20] [21] [22] However, only one study has examined prone position as a specific strategy for ameliorating pain. 23 In this study, which was part of a larger investigation of methods of environmental support for procedural pain in preterm infants in the NICU, infants positioned in prone did not show altered pain responses compared with infants in a control group placed in either supine or side-lying. Stevens et al concluded that more work was needed to address prone position as a potential comfort intervention. 23 To the best of our knowledge, there are no studies comparing prone with supine position during procedural pain in NICU. The answer to this question has important clinical implications, because it is possible that prone position per se might be a simple and inexpensive way to help ameliorate pain during procedures.
In undertaking research in pain in human preterm neonates, it is a challenge to balance the competing demands of experimental design, ethics, and clinical acceptability. Ideal experimental design would favor randomization of infant position. Lack of randomization would limit direct interpretation of the results. However, randomization to position would require changing the infant's position prior to the study session, and prior handling would likely affect the subsequent response. 24 Furthermore, in studies of infants of low gestational age adapting to life outside the uterus, manipulation which is not warranted for clinical reasons appeared to be questionable ethically. Therefore, each infant was in the position judged by their bedside nurse to provide optimal comfort, and infant position was not altered for the purposes of the study. Instead we attempted to ensure that the 2 groups were clinically as comparable as possible.
The purpose of the present study was to examine the influence of prone and supine position on premature neonates' pain responses during the invasive routine procedure of heel lance for blood sampling in the NICU. Pain measures were multidimensional, including behavioral (sleep-wake state and facial activity) and physiological (heart rate [HR]) responses.
MATERIALS AND METHODS

Study Participants
Study participants were 38 neonates in the level III NICU at Children's & Women's Health Center of British Columbia who were part of a larger study of pain in the NICU. Criteria for inclusion were gestational age Յ32 weeks, absence of major congenital anomalies, and no known illicit drug use during pregnancy. The sample was divided into 2 groups based on the neonate positioning in the isolette prior to the heel lance procedure. Twenty-one neonates were in prone positioning (Prone Group) and 17 were in supine positioning (Supine Group). The sample size was based on Goto et al 19 who included 16 preterm infants at 36 weeks PCA in each group and reported a significant difference in HR between prone and supine position.
Infant characteristics of the 38 neonates are provided in Table 1 . Continuous variables were examined using independent samples t tests, and 2 tests were used to examine the categorical variables. There were no significant differences (P Յ 0.05) between the groups in infant characteristics. 
Measures
Facial Activity
The Neonatal Facial Coding System (NFCS) is a univariate behavioral pain scale 25 which has been validated for use in preterm infants. 26, 27 The 7 NFCS face actions most frequently observed during procedural pain were coded from videotape: brow bulge, eye squeeze, nasolabial furrow, open mouth, vertical mouth stretch, horizontal mouth stretch, and taut tongue. Each face action was scored from videotape by a trained coder as 1/0 (occurred/ did not occurred) for each of 10 2-second segments (ie, 20 sec) during 2 events, namely Baseline and Heel Lance for blood collection. Facial activity in each event (Baseline and Heel Lance), occurrences of the discrete facial actions, were examined both as a total score for each event (Baseline and Lance), and as scores summed separately during each time segment. To calculate the total score, all 7 facial actions during the total time (10-second segments for each facial action) of each event (Baseline and Heel Lance) were summed with a possible total score ranging from 0 to 70. Secondly, scores across time were calculated by summing the raw scores in each of the 10 2-second time segments during each event (Baseline and Heel Lance).
Sleep-wake State
Infant sleep-wake states were coded from videotape using Als 28 system as follows: deep sleep = 1, active sleep = 2, drowsy = 3, quiet alert = 4, active alert = 5, and crying = 6. Sleep-wake state was coded by a trained coder during 10 minutes of Baseline, and during blood collection.
Heart Rate
Continuous electrocardiographic (ECG) activity was recorded from a single surface ECG lead and digitally sampled at 360Hz off-line using a specially adapted computer acquisition system and custom physiologic signal processing software.
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Procedure
The study was conducted in the level III Neonatal Intensive Care Unit of the Children's & Women's Health Center of British Columbia. Data collection was carried out during routine blood collection. The laboratory technician's standard protocol for sampling blood involved warming the foot, picking up the foot and rubbing it to disinfect the skin, applying a small disposable metal scalpel (4.9 mm long) for incision, and then squeezing the heel. The lance and incision were repeated as necessary to draw sufficient blood, and collection of the blood samples was either in micropipettes and/or on the absorbent card. Only the first heel lance incision was used for study data collection.
Each neonate in the Prone and Supine groups remained in the same position during both the Baseline and Heel Lance events, and video and physiologic recording were carried out continuously. Baseline was recorded prior to any contact by the laboratory technician. Two video cameras mounted on a mobile cart were used, one focused only on the face (face video) and another on the whole body (body video).
Behavioral video coding was carried out using the Observer (Noldus) software for video data analysis, which allows for slow motion and stop frame playback techniques. 30 NFCS facial activity and infant sleep-wake states were coded independently by separate coders from the face video and body video respectively. All coders were blinded to the purpose of the study, the events, medical information, and subject characteristics.
Prospective medical chart review was carried out independently by a research nurse. Infant parameters including gestational age (GA) at birth, birth weight, 5 minute APGAR score, days of mechanical ventilation, number of invasive (skin breaking) procedures during the previous 24 hours, number of invasive (skin breaking) procedures since birth, and illness severity (measured using the Score for Neonatal Acute Physiology-SNAP-II) 31 on day 3 since birth were obtained.
Data Analysis
The Statistical Package for Social Sciences (SPSS version 10.0) was used for data analysis. Sleep-wake states were analyzed using the Wilcoxen Signed Ranks test to examine change across events. The Mann-Whitney U test was used to compare the Prone versus Supine groups during each event. Continuous measures were examined using repeated measures analysis of variance to compare events (Baseline vs. Heel lance) and position (Prone vs. Supine), followed by t tests. The significance level for each test was set at P Յ 0.05.
RESULTS
Sleep-wake States
The frequency of each sleep-wake state by Position group and Event is presented in Table 2 . The groups differed significantly in sleep-wake state during Baseline (Mann Whitney U = 103.5; P Յ 0.02). During Baseline, more neonates in the Prone group were in deep sleep (44%) than in the Supine group (6%). During Heel Lance, the groups did not differ statistically significantly (Mann Whitney U = 158.0; P = 0.56). The infants in both groups shifted statistically significantly from more sleep or drowsy states during Baseline to more aroused states following Heel Lance (Z = −4.76, P = 0.0001).
Following Heel Lance, in the Prone group, there were 3 neonates (14%) who stayed in deep or active sleep, whereas in the Supine group, there were none who remained asleep; this was not a statistically significant difference. These results are displayed graphically in Figures 1 and 2 .
NFCS Facial Actions
The means and standard deviations for total facial activity by Position group and Event are presented in Table 3 . The total NFCS facial activity increased significantly from Baseline to Heel Lance in both groups, a main effect of Event (F Fig. 3 ). There were no significant differences between the variances of the Prone and Supine groups for each of the Heel Lance segments using Levene's test for equality of variances. None of the Heel Lance segments approached statistical significance. Heel Lance segments 12-14 were re-analyzed using nonparametric statistics (MannWhitney U test), however the results remained non-significant. Therefore, we concluded that there were no differences between the Prone and Supine groups during the invasive event of blood collection.
Heart Rate
The means and standard deviations for mean HR by Position group and Event are presented in Table 3 . Mean HR increased significantly in both groups from Baseline to Heel Lance, a main effect of Event (F [1, 36] 
DISCUSSION
The purpose of this study was to examine whether placement in prone position may ameliorate acute procedural pain responses in preterm infants in the NICU, compared with placement in supine. There are major challenges to studying pain in the NICU in this vulnerable population. We know that unnecessary handling disturbs the regulatory systems of potentially unstable premature infants. While some studies attempt to control for infant position, this would necessitate additional handling for experimental purposes only, which in itself might alter the immediate pain response. 24 Furthermore, this avoidable handling appeared to be unwarranted interference with an otherwise stable infant. Thus we decided not to randomize infants to position. Instead, to reduce bias, we tried to ensure that the two groups of infants were comparable in perinatal characteristics (gestational age at birth, post-conceptional age, birth weight, APGAR score, early illness severity, previous pain procedures since birth, and duration of mechanical ventilation). In addition, to ensure that other influencing variables related to caregiving and infant condition did not differ between the groups in the hours preceding the observation period, the number of invasive (skin breaking) procedures in the 24 hour period immediately prior to the target pain response were compared and did not differ. Moreover, the total time of blood collection was similar in the two groups.
Previous studies which compared prone with supine positioning in preterm infants in the NICU have focused on the benefits of prone position for promoting sleep 18, 19 (although some investigators have reported no differences), 32 for reducing energy expenditure, and for improving respiratory function. 33 Our findings confirm that prone position facilitates deep sleep when premature neonates at 32 weeks postconceptional age are undisturbed. In addition, less facial activity was observed in prone compared with supine position during part of baseline, but did not differ overall. Therefore we concluded that the decreased facial activity observed in prone position was likely mediated by prone position promoting sleep while the infants were undisturbed. Consistent with pre- vious studies of pain in preterm neonates, increased arousal from baseline to the invasive event was evident in shifts in sleep-wake states, increased facial activity, and HR. 23, 27, 34, 35 However, despite the difference in sleep-wake state during baseline, prone position did not diminish pain reactivity to lance. This finding was consistent with a previous study of environmental interventions during pain in preterm infants of comparable gestational age. 36 In that study, simulated rocking promoted quiet sleep, but was not effective in blunting pain response. While prior sleep-wake state alters infant pain response in term born infants, 25 it is not clear whether this relationship holds to the same degree in preterm infants. Infant sleep-wake state becomes established at around 36 weeks gestation, 37 and prior to this state is less organized and more diffuse. 38 More work is needed to understand immature sleepwake state in preterm infants in relation to pain and stress in the NICU.
Inherently, there are a legion of uncontrolled variables in relation to human infant pain research in a NICU setting. This study suggests that prone or supine infant position does not appear to differentially modulate pain response to blood collection by heel lance. A limitation of this study is that position can be seen on the videotape, which may have affected behavioral, but not physiological parameters. However, the video coders were unaware of the purpose of the study, and the physiological findings during the skin breaking phase of the study were consistent with the behavioral results.
Although the potential benefits of prone position for preterm infants remains controversial, 39 in term born infants, the recommendation to place infants in non-prone positions for sleep has been associated with a significant decrease in sudden infant death syndrome. 40 Our results show that signs of discomfort and reactivity to the painful medical procedure could be observed in neonates in either the prone or supine position. The findings of our study confirmed those of Stevens et al 23 that prone positioning did not decrease pain responses when compared with infants either supine or side-lying. The main contribution of our study was to clarify that the findings of the previous study 23 were not due to having combined supine with side-lying in the same group. Together, based on these 2 studies, we conclude that prone or supine positioning should not be considered an environmental comfort intervention for preterm infants for ameliorating discomfort associated with the heel lance procedure for blood sampling in the NICU. The management of position per se is not sufficient for assisting preterm neonates to cope with this painful and potentially stressful event.
